This paper examined the macroeconomic determinants of inflation in Ghana using a cointegration approach. The main purpose of the paper is to investigate whether population growth, foreign direct investment, foreign aid, agricultural and service's output have a significance influence on the inflationary situations experienced in Ghana over the study period. The method of analysis was the cointegration analysis. The stationarity properties of all the variables of interest were checked and established. All the variables under consideration were found to be integrated of order one, that is, I
Introduction
Since the existence of man and his quest for development and improvement in life conditions, the world over, has faced several macroeconomic problems like unemployment, over population, economic instability, poverty, to mention but a few. It must be pointed out however that, one of the most tormenting macroeconomic problems facing the world today is inflation which has been mainly characterised by several economic factors, termed as determinants of inflation, which happens within the confluences of time.
Europe has been characterised with the issue of inflation for several years now. For more than two decades the Turkish and Greek economies have been hit by high and persistent inflation. Also, in Asia (Pakistan), the depreciation of the exchange rate and the increase in the value of imports, shooting up of consumer price index (CPI), producer price index (PPI) and gross domestic product (GDP) deflators have led to inflation. The increase in these deflators was because of the devastating floods that affected agricultural produce. Inflation in Paraguay (Americas) over the past fifteen years has been volatile because of the supply shocks, which do not reflect on aggregate demand pressures or imbalance in the money market.
In Africa, inflation is the major problem faced by countries like; Tanzania, Zimbabwe, Nigeria, and most importantly, Ghana. In the Zimbabwean economy, inflationary periods are highly characterised by nominal monetary growth (money supply), foreign prices; exchange and interest rates, unit labour costs and real income (Chibber et al, 1991) . Inflation in Egypt is primarily affected by the rate of growth of money supply, interest rate, depreciation of the exchange rate and trade deficit (Helmy, 2010) .
In the West African sub region, inflation has been one of the macroeconomic concerns, in the Nigerian economy, inflation has been one of the macroeconomic issues surrounding policy making on how to control its occurrence. It can also be said that inflation in the Nigerian economy is characterised by increase in money supply, huge government spending (budget deficits), external shocks, growth in domestic credit (bank credits), among other fiscal policies.
In Ghana, inflation has been one of the country's major macroeconomic problems since the late 1960s to the present day. The gradual increase of inflation in Ghana has been as a result of several military interventions and several other factors such as exchange rate depreciation, devaluation of the currency, increase in money supply to finance government deficits, among other fiscal policies. The country has, however, over the years been working towards reducing inflation rate, and is currently hovering in the single digit range as targeted.
Several empirical studies over the years have factored out the determinants of inflation. These studies largely focused on factors like currency depreciation, changes in consumer price index (CPI), money supply, producer price index (PPI), exchange and interest rates depreciation, external shock in the world commodity market, input cost of production, among other factors, as core determinants of inflation. However, these factors are not the only macroeconomic determinants of inflation in the world and probably Ghana. There are several other factors which might characterise inflationary conditions in Ghana. These other macro factors which will be considered in this study include population growth of a country, foreign direct investment, foreign aid, agricultural and the service outputs.
The main purpose of this study is to investigate whether population growth of a country, foreign direct investment, foreign aid, agricultural and service outputs also contribute to the inflationary situations experienced in Ghana over the study period (1964 -2008 ). This study is significantly different because these variables (population size of a country, foreign direct investment, foreign aid, agricultural output and the services output), to some extent, have not been considered when it comes to the causes of inflation in Ghana. That is to say that this study bridges the literature gap on the subject matter under consideration.
The hypotheses of the study are as follows;
1. sensitise public policy makers to adopt a more convincing policy package that will aid in addressing inflationary conditions in Ghana. 2. serve as a guide to all stakeholders (both in the public and private sector) so as to know what to do per time, in combating this public enemy. 3. serve as an empirical guide to other researchers in other fields of study undertaking similar research.
Empirical Literature on the Determinants of Inflation
Inflation is one of the macroeconomic problems facing both developed and developing economies in the world today. There is, however, practical evidences that show that inflation is everywhere a global phenomenon and it is the greatest concern of every economy in controlling the problems and as well stabilising the economy for a rapid economic growth and development.
In the Turkish economy, the study of the trend of inflation was focused on the demand-side determinants (e.g., monetary growth and budget deficits), and partially on some supply-side factors (e.g., nominal exchange rates and oil prices). An empirical study by Kibritçioğlu (2002) shows that the main causes of inflation in the Turkish economy was as a result of expansion of both fiscal and monetary policies by the Turkish government. According to him, the factors that characterise high and persistent inflation in Turkey are high public sector budget deficits; monetisation of public sector budget deficits, massive infrastructure investments of the various governments, such as for the Southeastern Anatolian Project; high military expenditures associated with geopolitical reasons; political instability which results in inflationary pressures due to populist policies that have ensued prior to each general election; persistent inflationary expectations of economic agents; inflationary effects of changes in exchange rates via increases in prices of imported inputs; occasional increases in world prices of major imported inputs (particularly, crude-oil); increases in regulated prices of public sector products which are mainly used as input by the domestic private sector, and/or rising interest rates resulting from the crowding-out effect of public sector borrowing in a shallow domestic capital market.
According to Yergin and Stanislaw (1997) , history of the U.S. inflation can be dated back to 1971. In their study, it was found out that the U.S. inflationary periods were highly characterised by the Vietnam War and increased in domestic spending. It was also found out that the U.S. as at this time was running a balance of payment deficits and a trade deficit. There was also a rapid increase in the money supply by 10% in the first six months of 1971. There was also a fall in the value of the U.S. dollar to about 7.5% with respect to other currencies like the Deutsche Mark of Germany. Other factors such as external shocks, emanating from oil price increase, increase in the price of domestic goods and services as well as increase in labour costs. Thus, it can be concluded that inflation in the U.S., then and now, is highly characterised by expansionary monetary and fiscal policy.
Inflation in Australia has been "sky-scraping" since the early 1970s, both in absolute terms and relative to other industrial market economies. Although the costs of this inflation have been difficult to quantify, most economists and policy makers agree that decreasing the rate of inflation ought to be one of the leading priorities for macroeconomic policy (Fahrer and Myatt, 1991) . Furthermore, they indicated that causes of inflation in the Australian economy can be attributed to nominal wage growth, leading to a significant increase in money supply in the economy, and inflation. They then recommended that policy to reduce the inflation will have the desired effect only after the elapse of a considerable period of time, and that aggregate nominal wage growth should be reduced commensurately.
Egypt, like most countries in the world, faces the problem of inflation. A research carried out by E. Helmy (2010) analyzed the dynamics of inflation in Egypt by investigating the importance of the different sources of inflation over the past thirty years and to detect the impact of Egypt's chronic trade deficit on inflation in Egypt. In his model, he used the Granger causality tests, a variance autoregressive (VAR) model, impulse response functions (IRF) and variance error decomposition (VDC) analyses to test for the sources and dynamics of inflation in Egypt. Results of his test proved that inflation in Egypt is primarily affected by the rate of growth of money supply, interest rates, and exchange rate depreciation, leading to trade deficits. He then recommended that if Egypt wants to boost its industrial export capacity and diminish its trade deficit gap, depreciation of the exchange rate, and then indirectly stabilising it at less than the market equilibrium exchange rate as in the case with China, should be considered. Accordingly, he added that important policy implication may be that depreciation of the pound and then stabilising it at a constant below market equilibrium exchange rate through indirect measures although might boost inflation and aggravate the trade deficit in the short run, yet it decreases them in the long run (Helmy, 2010) .
The Republic of Tanzania, consisting of mainland Tanzania and Zanzibar, has one of the lowest per capita incomes in Africa and a rapidly increasing population which currently stands at 30 million. According to Laryea and Sumaila (2001) , the short-run output and monetary factors are the main determinants of inflation in Tanzania. They also pointed out that in the long-run, parallel exchange rate also influences inflation coupled with increase in budget and external current account deficits. In their conclusion, they emphasised that inflationary situations in Tanzania are fundamentally a monetary and fiscal phenomenon.
An empirical study into the field (inflation) was conducted on the Zimbabwean economy. Based on this study, Chibber et al (1989) developed a detailed econometric model of inflation for Zimbabwe. They included both the Structuralists and Monetarists factors of inflation in their model. In their study, they reviewed that nominal monetary growth (money supply), foreign prices; exchange and interest rates, unit labour costs and real income are the determinants of inflation in the Zimbabwean economy.
Egwaikhide et al (1994) tried to establish the direct linkage between exchange rate depreciation, budget deficits and inflation. Their focus was on these key areas; trends in inflation, budget deficit, monetary growth, growth in real gross domestic product (real GDP) and exchange rate during the period (1970 -1989) . In their verification, Egwaikhide et al (1994) established that growth in the central government expenditure eventually led to persistent budget deficits. These deficits were, however, financed through money creation. They also included in their work that there were increases in domestic credit to the government which had two direct effects; it expanded aggregate demand and secondly, it accelerated the growth of domestic money supply. Subsequently, there was an increase in imports as a result of the upsurge in aggregate demand that could not be met by the available supply in the economy (Egwaikhide et al (1994) ). They, however, concluded that inflation in Nigeria is caused by both monetary and structural factors.
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July 2014, Vol. A research was carried out by Appiah and Boahene (2007) to analyse inflation in Ghana. The main purpose of their study was to determine the major determinants of inflation in Ghana and to know whether inflation is a real sector issue or a monetary issue. They used the ordinary least squares econometric method for their data analysis. In their work, it was observed that inflationary conditions in Ghana can be attributed to factors such as military interventions during the post-independence era, the growth rate of real GDP, increase in money supply to finance government deficits, devaluation of the currency, exchange rate differentials, and fiscal policy expansion. They recommended that the central bank of Ghana should be independent in controlling the rate of money supply and the government should as well practice inflation targeting as a measure of controlling inflation in Ghana.
Ocran (2007) employed the Johansen co-integration test and an error correction model to analyze inflationary trends in Ghana for over forty years. His paper identified inflation inertia, changes in money and changes in the government of Ghana Treasury bill rates, as well as changes in the exchange rate, as determinants of inflation in the short run. According to him, inflation inertia was found to be the dominant determinant of inflation in Ghana. He, therefore, suggested that to make Treasury bill rates more effective as a nominal anchor, inflationary expectations ought to be reduced considerably.
From the above analysis, it can be seen that most studies conducted concentrated on variables like exchange rates, money supply, inflation inertia, interest rate and currency depreciation as major determinants of inflation in Ghana which the government is closely particular about. In this research work, however, the study seeks to find other causes of inflation apart from those stated above (exchange rates, money supply, inflation inertia, interest rate, currency depreciation). These other variables are population growth, foreign direct investment, foreign aid, agricultural output and service output. The time structures for this research will be a period of over fourty-five years which is from 1964 -2008.
Research Methodology

Specification of the Model
Many factors affect the general price increment of a particular country. Some of these factors are interest rates, exchange rates, money supply, input cost (like wages), and depreciation of domestic currency, among others. However, this study seeks to determine whether population growth, foreign direct investment, foreign aid, agricultural output and service output are likely factors that can cause inflation in Ghana. In order to achieve this objective, the model specification by Appiah and Boahene (2007) stated as P t = β 0 + β 1 M t + β 2 Y t +……+ε t , was followed; where: P t = inflation, M t = money supply and Y t = real GDP. Thus, the model specification of this study is given as: π = f(Pop, FDI, FAid, AQ, SQ) + error , where: π = general price level measured as the change in CPI.
Pop = population size measured as population growth rate. FDI = foreign direct investment measured as FDI as % of GDP. FAid = foreign aid measured as foreign aid as % of GDP. AQ = agricultural output measured as agriculture value added as % of GDP. SQ = service output measured as service value added as % of GDP It is expected that by the end of the study the following sign of the coefficients would have been achieved; population size (+), foreign direct investment (+ or -), foreign aid (+), agricultural output (-) and service's output (-). These expected signs were formed on the basis of observation, empirics and economic theory. The type of data to be used for the study is mainly a secondary macroeconomic time series data. The study will focus on the time frame from (1964 -2008) . Thus, the sample size of the study is 45 which meet the central limit theory. These years were chosen because this is the periods that the Ghanaian economy started experiencing some level of economic expansion. The sources of data of the study are from Ghana Statistical Service, World Bank National Account Data, OECD National Account Files and World Development Indicators.
3.2
Method of Estimation First, the stationarity properties of all the variables of interest were established using the Augmented Dicky Fuller (ADF) Test. The reason is that the ADF test is considered superior to the Dicky Fuller (DF) test since it adjusts appropriately for the occurrence of serial correlation. Thus, it avoids spurious regression results. Secondly, if the time series have the same order of integration, then, the cointegration regression as seen above will be estimated in order to examine whether there is long run equilibrium relationship between the dependent variable ( π ) and the independent variables( Pop, FDI, FAid, AQ, SQ ). The long run equilibrium relationship between the dependent variable ( π ) and the independent variables will be expressed as Pop, FDI, FAid, AQ, SQ) has to be tested using the ADF test with trend and intercept which is commonly used in estimation.
Thirdly, if there is the presence of Cointegration between the dependent variable ( π ) and the independent variables ( Pop, FDI, FAid, AQ, SQ), then, it is possible to investigate the short run (equilibrium or disequilibrium) relationship between the dependent variable and the independent variables. The Error Correction Model (ECM) for the dependent variable is based on the following dynamic short run equation: where EC t -1 is the error correction term which is supposed to be negative in sign and significant. From the table, the coefficients of the kurtosis of the variables show that inflation and foreign direct investment have peakness or lapto kurtic while the other variables have flat or platokurtic except service output which is almost normally distributed. The skewness and the kurtosis together determine whether a random variable follows a normal distribution or not. Table 2 below shows the least square regression of the variables at level. The result shows that the value of the coefficient of determination, R 2 , exceeds the value of Durbin Watson statistics, d, (that is R 2 = 0.6197 > d = 0.4889). This shows that the regression is a spurious one, therefore, the Augmented Dickey-Fuller (ADF) test will be used to check for stationarity of the variables to determine the order of integration.
Empirical Results and Discussion
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July 2014, Vol. Table 3 shows the results of the ADF test for the variables under consideration. From the table, all the variables are not stationary at level, not even at 10 percent level of significance. However, foreign direct investment, foreign aid, agricultural output and service output are stationary at first difference at 5 percent level of significance while inflation and population growth are significant at 10 percent level of significance without constant and trend. Therefore, all the variables, inflation, CPI, foreign direct investment (FDI), foreign aid (FAID), agricultural output (AQ) and service output (SQ), are integrated at first order [I(1)]. As a result, the Johanson's cointegration approach can be used to determine the number of cointegrating equation.
July 2014, Vol. -6.0274* I(1) * significant at 5 percent ** significant at 10 percent Note: The null hypothesis is that the variable has a unit root. The rejection of the null hypothesis for ADF test is based on the Mackinnon (1996) critical values at 5 or 10 percent.
Vector Autoregressive, VAR, is used to determine the optimal lag length for the Johanson cointegration test which is based on the AIC and SBC as shown in table 4. From the result, the optimal lag length based on AIC and SBC are 4 and 3 respectively. Using the selected optimal lag length of 4, the likelihood ratio test, which depends on the maximum Eigen values of the stochastic matrix of the Johanson (1991) procedure for exploring the number of cointegrating vectors was used. four cointegrating vectors are also rejected against the alternative hypothesis. Therefore, it is concluded that there are five cointegrating vectors specified in the model. Table 6 below shows the result of the coefficient of β matrixes in terms of normalised cointegrating coefficient of first equation. This result shows that the long run relationship among the variables. All the variables turn out to be significant and have the expected signs except service output, SQ, which is positive. From the results, population growth, POP, has direct impact on inflation. This shows that as population growth increases by a unit, inflation also increases by 4.2 units. This means that as population keeps on increasing, and as their purchasing power also increases without any increase in the aggregate supply of goods and services in the Ghanaian economy, aggregate demand will be greater than aggregate supply, hence, inflation. Foreign direct investment, FDI, influenced inflation negatively; as a result, a unit increase in foreign direct investment will cause inflation to decline by 21.3 units. This further means that Ghana might be enjoying from the spillover effect of FDI such as technological advancement which has enabled her to increase the supply of goods and services. Hence, the reduction in the general price level as foreign direct investment increases.
Foreign aid, FAID, also influenced inflation negatively. From the table 6, a unit increase in foreign aid will cause inflation to decrease by 3.4 units. This implies that the foreign aids that Ghana receives are being put into the productive sectors of the economy like the Agriculture sector which has expanded the aggregate supply of output and hence, a reduction in the general price level as foreign aid increases. Agricultural output has the expected impact on inflation. From the table, an increase of one unit in agricultural output causes inflation to fall by 0.2 unit. From economic theory, it has been established that as aggregate output increases more than aggregate demand, the general price level will fall. Such is the situation seen from this result.
Finally, service output has a positive effect on inflation. As a result, increase in service output leads to increase in inflation. From the table 6, a unit increase in service output will cause inflation to increase by 6.6 units. This might be due to the fact that, the production cost in the service sector is too high. As a result some amount of the production cost is shifted to the consumer which result in an increase in the general price, hence, inflation. The service output has more positive impact on inflation as compared to agric output. The study concludes that in the long run, population growth, foreign direct investment, foreign aid and service output are significant determinants of inflation in Ghana. While increase in population growth and service output caused inflation to increase, increase in foreign direct investment, foreign aid and agricultural output leads to a decline in inflation in the long run. The stationarity of the residuals/error obtained from the cointegration regression of the dependent variable ( π ) on the independent variables ( Pop, FDI, FAid, AQ, SQ ) has been tested using the ADF test. The result is shown in table 7. From the table, the residuals/error term is stationary with trend and intercept at level. The short run dynamics among the variables are explored by employing vector error correction model (VECM). Error correction model allows the introduction of previous disequilibrium as independent variables in the dynamic behaviour of existing variables. Table 8 presents the short run dynamic relationship and the set of short run coefficients in the vector error correction model. VECM associates the changes in inflation to the change with the other lagged variables and the disturbance term of lagged periods. The coefficient of the speed of adjustment is positive and significant at 10 percent. This shows that there is 1.2 percentage point explosion taking place each year towards the long run period. In the short run, the past two years inflation has a significant impact on the current inflation. From table 8, if the past two years inflation increases by a unit, the current inflation will increase by 0.57 unit. Also, the past first and third years of inflation impact positively on the current inflation. From the table, past records of population growth and foreign direct investment have positive and negative impact on current inflation. However, they are not statistically significant. The past records of foreign aid and service output have positive effect on inflation while past records of agricultural output impacts negatively on the inflation as expected. However, they are not significant in the short run.
July 2014, Vol. Granger (1996) causality test was performed in order to examine the linear causation between the concerned variables. Granger causality is useful in determining the direction of the relationships. The test is based on the model specified below.   , can be carried out with the F-test. In the view of Granger, the presence of cointegration vector shows that Granger causality must exist in at least one direction. We used the optimum lag length of variables based on AIC, which is k=4 in this analysis. 
Conclusion and Policy Recommendations
The study is an attempt to examine the macroeconomic determinants of inflation in Ghana using cointegration approach. The empirical analysis is based on time series econometrics. It is found in the current study that all variables; inflation, population growth, foreign direct investment, foreign aid, agricultural output and service output, turned out to be non stationary at their level but become stationary at their first difference. The results of Johansens's cointegration test indicates that there exist a long run and short run relationship between inflation, population growth, foreign direct investment, foreign aid, agricultural output and service output in Ghana.
The study finds that in the long run, population growth and service output affect inflation positively (that is, as population growth and service output increase, inflation also increases). However, foreign direct investment, foreign aid and agricultural output impact negatively (that is, as foreign direct investment, foreign aid and agricultural output increase inflation declines). However, in the short run, the past two years inflation has a significant impact on the current inflation. Again, the past one year and third years of inflation impact positively on the current inflation. The population growth and foreign direct investment's past records have both positive and negative impact on current inflation. However, they are not significant. The past records of foreign aid and service output have positive effect on inflation while past records of agricultural output impact negatively on the inflation as expected. However, they are not significant. The Granger Causality test shows that there is unilateral directional causality between foreign aid and foreign direct investment, foreign direct investment and agricultural output. Also, there is bidirectional causality between foreign direct investment and inflation, agricultural output and population growth.
Finally, the following policy recommendations are made based on the findings: i. Policies should be put in place to increase the aggregate supply side of the economy, Ghana, since population size keeps on increasing. ii. Massive education on the use of birth control methods should be made. More women should be encouraged to go to school and be in businesses. This will help check the population growth rate, iii. More foreign investors should be allowed into the country through the creation of an enabling environment for them to operate, especially in the Agricultural sector. iv. More foreign aid received should be channeled into our Agricultural sector and trained personnel into the Agricultural sector should be encouraged to stay in that field and not somewhere else. v. Production cost at the service sector should be reduced.
